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We report a novel approach for preparing a Bose-Einstein condensate (BEC) of 87Rb atoms using
electro-pneumatically driven transfer of atoms into a Quadrupole-Ioffe magnetic trap (QUIC Trap).
More than 5×108 atoms from a Magneto-optical trap are loaded into a spherical quadrupole trap and
then these atoms are transferred into an Ioffe trap by moving the Ioffe coil towards the center of the
quadrupole coil, thereby, changing the distance between quadrupole trap center and the Ioffe coil.
The transfer efficiency is more than 80 %. This approach is different from a conventional approach
of loading the atoms into a QUIC trap wherein the spherical quadrupole trap is transformed into a
QUIC trap by changing the currents in the quadrupole and the Ioffe coils. The phase space density
is then increased by forced rf evaporative cooling to achieve the Bose-Einstein condensation having
more than 105 atoms.
PACS numbers: 67.10.Ba, 67.85.Bc, 67.85.H, 67.85.Jk, 37.10.De
The first experimental demonstration of BEC in al-
kali atoms [2–4] led to a rapid growth of research in the
area of ultracold quantum gases. It has given a com-
pletely new insight into the study of quantum matter at
ultralow temperatures and opened up new experimental
test-bed to study condensed matter systems. It has pro-
vided the ability to emulate real-life condensed matter
systems to be able to gain new insights into supercoduc-
tivity and superfluidity. BECs subjected to periodic [5, 6]
and disordered optical potentials [7–9] are some such ex-
amples of quantum emulators. In addition, extreme con-
trol through light-matter interaction has enabled creation
and study of artificial gauge potentials [10, 11] as a path
towards understanding new materials like topological in-
sulators and simulation of lattice gauge theories in high
energy physics [12, 13].
Development of robust and yet simple experimental
system for routine production of BECs is always a chal-
lenge during the design phase. It often involves a tradeoff
between optical, mechanical and control system complex-
ities and modularity while being able to achieve the de-
sired scientific goals. The final challenge is the design of
the trap. Driven again by the scientific goals, one chooses
between a magnetic trap [14], all-optical trap [15] or a
combined optical-magnetic trap [16]. Historically, the
magnetic trap with different variants has been the first
of the most widely used traps.
The simplest example of creating a magnetic trap is to
use spherical quadrupole trap using a pair of coils in anti
Helmholtz configuration, in which magnetic field crosses
zero at the center and increases linearly with the dis-
tance from the trap center. The quadrupole trap offers
tightest confinement at the cost of loss of cold atoms
from the trap due to non adiabatic spin flips [4, 17] at
the trap center, known as Majorana spin flips which pro-
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hibits increase of phase space density and thus the for-
mation of BEC. There are several techniques for creating
non zero minima such as time-averaged orbiting poten-
tial (TOP) trap [17], optical dipole trap [18] and Ioffe-
Pritchard (IP) type trap [14, 19, 20]. IP type traps can
give very high axial and radial trapping frequencies giv-
ing rise to very tight confinement as compared to a TOP
trap. Tight confinement results in very high densities and
large collision rates which is very crucial during evapo-
rative cooling [21], giving a thermalization time shorter
than the lifetime of the atoms in magnetic trap. Al-
though the IP type trap has been a successful trap that
was widely used in the initial period after the demonstra-
tion of BEC, IP traps have certain disadvantages such
as the mode matching of spatially separated center of
Magneto-Optical Trap (MOT) with the center of mag-
netic trap, limited optical access to the trapping region
and large power dissipation with relatively complex elec-
tronic control circuits for switching the magnetic trap
which requires additional power supplies. The advent of
a modified quadrupole-Ioffe trap [19], solved the prob-
lem of mode matching and in addition had a simplified
design consisting of only three coils (the two quadrupole
coils and a third Ioffe coil having axis perpendicular to
the axis of the quadrupole coils). This scheme involves
independent control of currents through the quadrupole
and Ioffe coil. In addition, the geometrical design of the
Ioffe coil has to be such that it does not obstruct the
MOT laser beams in some cases. This poses some limi-
tation in getting the desired trapping frequencies.
In this report, we report a novel scheme of an Ioffe-
Pritchard magnetic trap wherein, atoms trapped in a
spherical-quadrupole magnetic trap are transferred into a
quadrupole-Ioffe (QUIC) trap by mechanically translat-
ing the Ioffe coil. The transfer of magnetically trapped
atoms over large distances was first demonstrated by
Greiner et. al. [22] by using a chain of quadrupole
coils, in which the atoms were moved up to 330 mm and
then quadrupole potential is converted to Ioffe type po-
tential using QUIC trap geometry. Another method of
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2creating a Ioffe type potential in which quadrupole coils
are mounted on a linear actuator which is driven by a
servo motor is given in Refs. [23, 24]. The atoms are
transported up to 550 mm to reach into the ultra high
vacuum region to create IP type potential [23, 24]. All
these transfer mechanisms involve a sophisticated elec-
tronic switching circuit for controlling the currents in
all the coils to avoid heating of trapped atom in mag-
netic trap during the transfer process. In our trap, we
have solved the problem by using a single UHV cham-
ber in which MOT and magnetic trap are created in the
same chamber. Hence, requires less transportation dis-
tance up to 40 mm only, as compared to previous works
[22–24]. Another advantage in our set up is moving a
much smaller Ioffe coil in comparison to moving the large
quadrupole coils. In our trap the transfer mechanism is
purely based on the transportation distance and it does
not need a current control in separate coils, thus simpli-
fying the electronic control circuit with the use of a single
current controller and a single IGBT switch.
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FIG. 1: Schematic of the magnetic trap. The Ioffe coil
is mounted on a pneumatic translator that moves along
the y-axis. The axis of the quadrupole coils is along the
gravity (z-axis). A pair of Helmholtz coils along the
y-axis provide for the bias magnetic field to the QUIC
trap. The glass cell has a cross-sectional dimensions of
39 mm × 39 mm and 150 mm length. The spacing
between the quadrupole coils is 48 mm. The horizontal
MOT beams are in the x-y plane at an angle of 45◦ to
the length of the glass cell. The vertical MOT beam
goes through the axis of the quadrupole coils along the
z-axis. The Zeeman slowing beam propagates along the
x-direction into the plane of the paper. Inset shows a
typical position vs time profile of the Ioffe coil during
translation. The velocity profile remains nearly linear in
the central region of the translation. The diagram is not
to scale.
The final configuration of the trap is the widely used
QUIC trap as reported in Ref. [19]. By means of forced rf
evaporative cooling, we report fast production of BEC in
such a trap. The mechanical translation of the Ioffe coil
is achieved by mounting the Ioffe coil on a pneumatically
actuated translator as shown in Fig. 1. As mentioned
earlier, this transport scheme provides two major advan-
tages to other conventional schemes viz. a) It reduces the
complexity of electronic control system. In our setup, we
use a single DC power supply (Delta Elektronika Model
SM60-100) for controlling and a single IGBT (Make EU-
PEC, model no BSM300GB120DLC) for switching the
current through all the coils. b) Provides added flexi-
bility in designing stiffer magnetic traps with improved
optical access to laser cooling beams. The geometrical
constraints posed by the size of our glass cell (39 mm ×
39 mm) became critical in designing Ioffe coil with tol-
erable levels of electrical power consumption. Hence, we
had to go for a non-conical shaped Ioffe coil. This non-
conical Ioffe coil if present fixed, would obstruct the laser
beams that intersect the glass cell at 45 degrees. The
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FIG. 2: Absolute value of the magnetic field along the
axis of Ioffe coil vs the distance of the Ioffe coil and the
quadrupole trap center. The current through all the
coils is 27A and the distance between spherical
quadrupole trap centre and Ioffe coil is (a) 45 mm, (b)
25 mm, (c) 23.5 mm, (d) 23 mm. Note that the
transformation of the linear potential with zero minima
to a harmonic trap with non-zero minima is similar to
that which can be achieved by varying currents through
fixed Ioffe and quadrupole coils [19].
pneumatic translator is a commercially available prod-
uct (Festo, Model No. SLT-16-40-P-A) that provides a
total translation of 40 mm. The translator is a two po-
sition translator that is guaranteed to give a positioning
repeatability of ±20 µm. The position verses time profile
of the translator is shown in inset Fig. 1. The applied air
pressure was about 4 bar. The peak forward and reverse
speed of the translator can be controlled by a pair of flow
control valves.
3Each of the two anti-Helmholtz coils is made of 15
layers with 19 turns in each layer wound with 17 AWG
enameled magnet wire. Each layer is separated by 1 mm
thick spacers. The Ioffe coil has 7 layers with 20 turns in
each layer. Each of the two bias coils is made by wind-
ing 15 turns of insulated copper tubing of 3 mm OD and
2 mm ID. The anti-Helmholtz coils produce a magnetic
field gradient of 13 G/cm/A in the axial direction. The
bias coils generate a constant field of 0.84 G/A. The dis-
tance between the bias coils is 180 mm. All the coils
except the bias field generating coils are enclosed in wa-
ter tight Delrin assemblies and cold water is circulated to
remove heat generated during the operation of the trap.
In Fig. 2, we show the numerical simulation of the mag-
nitude of the magnetic field along the axis of the Ioffe
coil for different distances of the Ioffe coil from the cen-
ter of the quadrupole coils for a current of 25 A passing
through all the coils simultaneously including the bias
coils. When the Ioffe coil is about 45 mm away from the
axis of the quadrupole coils, the effect of the magnetic
field created by the Ioffe coil is negligible. As the Ioffe
coil moves closer to the quadrupole coil axis, a double
minima in the magnetic potential starts appearing and
the two minima merge at a distance of 23 mm.
FIG. 3: Series of images demonstrating transfer of
atoms during the translation of the Ioffe coil. Images of
the cloud are taken for distances between the
quadrupole trap and Ioffe coil is (a) 45 mm (pure
quadrupole trap. since, the position of the quadrupole
trap minima is located outside the field of view of the
camera, a majority of the portion of the cloud is not
visible) (b) 25 mm (c) 23.5 mm (d) 23 mm. The field of
view of the images is 8 mm × 8 mm
Our experimental setup consists of three sections viz.
a) a Rb effusion source, b) a decreasing field Zeeman
slower and c) a rectangular quartz cell. The Rb effu-
sion source and Zeeman slower designs are adapted from
[16]. A 75 l/s ion pump is used to pump the Rb effusion
source region, two 150 l/s ion pumps are used before and
after the Zeeman slower for pumping. In addition, there
are two Ti sublimator pumps along with the two 150 l/s
pumps. There is a Non-Evaporable Getter (NEG) pump
near the Quartz cell. Atomic beam emanating from the
Zeeman slower is used to load the MOT in the quartz
cell. The MOT beams are orthogonal to each other and
are incident at 45◦ to the cell. We load about 1 × 109
87Rb atoms in about 35 s time. During the loading of the
atoms in the MOT, the field gradient of the quadrupole
coils is ∼13 G/cm and the detuning of the cooling beams
is -2 Γ from the 52S1/2 |F = 2〉 −→ 52P3/2 |F ′ = 3〉 state,
where Γ = 6.1 MHz is the linewidth of the excited state.
The laser beams have a 1/e2 diameter of 22 mm and
the intensity of the laser light is about 3× the saturation
intensity of the 52S1/2 |F = 2〉 −→ 52P3/2 |F ′ = 3〉 tran-
sition. As mentioned earlier, during the entire loading
sequence of the atoms, the quadrupole coils, Ioffe coils
and the bias coils are connected in series. It has been
seen that there is no appreciable effect on the nature of
loading of the atoms in the MOT when the Ioffe and bias
coils are disconnected. This is due to the fact that, the
shift in the center of the quadrupole field is less than
0.5 mm which is negligible in comparison to the size of
the cloud (∼ 8 mm). Atoms are then compressed in the
compressed-MOT stage by increasing the detuning to -4
Γ while reducing the intensity to 1/10th of the saturation
intensity. Atoms are subjected to a polarization gradient
cooling stage for 4 ms where the magnetic field is turned
off while the detuning is ramped to -8 Γ and intensity
of the MOT beams is kept unchanged from the previous
stage. At this stage we have about 8 × 108 atoms in
the trap at a temperature of ∼30 µK. Atoms are then
optically pumped into the 52S1/2 |F = 2,mf = 2〉 state
by applying a 250 µs pulse of circularly polarized laser
driving the 52S1/2 |F = 2〉 −→ 52P3/2 |F ′ = 3〉 transi-
tion in the presence of a small bias magnetic field in the
z-direction.
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FIG. 4: Transfer effeciency of atoms change in the
temperature of the cloud from quadrupole to QUIC trap
By rapidly turning on the quadrupole magnetic field
to 91 G/cm in less than 2 ms we capture more than 5
× 108 in the spherical quadrupole magnetic trap. The
temperature in the magnetic trap at this stage is a lit-
tle over 500 µK. Atoms are then compressed adiabati-
cally in 1500 ms from 91 G/cm to 325 G/cm magnetic
field gradient. After this stage the pneumatic translator
is triggered to initiate the translation of the Ioffe coil.
Within less than 1 s the Ioffe coil reaches its final posi-
tion where it almost touches the quartz cell. As shown in
Fig. 2, as the coil keeps moving towards the center of the
quadrupole trap, at a certain distance there appear two
4minima in the magnetic trapping potential and then they
finally merge when the coil reaches its end position. We
have captured the transfer process of atoms in the QUIC
trap by turning off the magnetic field at different stages
of the position of the Ioffe coil. Fig. 3 shows the ab-
sorption images of the atoms during the transfer process.
We transfer more than 80 % atoms from the spherical
quadrupole trap into the Ioffe trap. A systematic study
of the transfer efficiency of the atoms into the Ioffe trap
as a function of the speed of translation of the Ioffe coil
has been done. Data in the Fig. 4 shows that there is a
gradual increase in the transfer efficiency (up to 85 %) of
the atoms for peak speeds up to 80 mm/s and then the
efficiency drops a little. However, the range of efficien-
cies is limited to a narrow range between 75 % and 85%.
This experiment has been performed only in the available
range of speeds that could be accessed by controlling the
flow rate of the entrance valve of the Pneumatic trans-
lator while keeping a constant pressure of 4 bar. The
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FIG. 5: Typical images of the ultracold cloud of atoms
taken after 21 ms of expansion under gravity (a)
Thermal cloud at temperature about 211 nK (final rf
frequency 1.94 MHz) (b) bimodal density distribution
at temperature 171 nK (final rf frequency 1.93 MHz)
showing the emergence of a sharp peak at the center
with a condensate fraction of 23%. (c) Almost pure
condensate at final rf frequency 1.919 MHz, The
condensate fraction is 97%. Lower set of curves are the
horizontal cross-section plots of the images above. The
field of view of the images is 0.8 mm × 0.8 mm.
rise in temperature also does not change appreciably to
affect the forced evaporative cooling process in the later
stages. The QUIC trap used in our setup has a radial
frequency of 2pi × 140 Hz and axial frequency of 2pi × 21
Hz which have been measured by perturbing the cloud of
cold atoms. The bias field is ∼1 G. The measured axial
field gradient of the trap is 325 G/cm and the estimated
axial field curvature is 196 G/cm2. Rf evaporative cool-
ing is performed to further cool the atoms in Ioffe trap
by rf-induced spin flips. The rf frequency was swept from
40 MHz to 1.919 MHz over a time period of 16.4 s in dif-
ferent stages. After evaporation, thermalized cloud is
probed by using absorption imaging system which con-
sists of single lens geometry and EMCCD camera having
a magnification factor of 1.0(1). Cooled atoms are re-
leased from the trap by switching off the magnetic trap.
After the atoms expand ballistically, near-resonant laser
pulse of 40 µs is illuminated on the expanding cloud and
the shadow is imaged onto the camera. Atoms’ number
density, temperature and the total number were calcu-
lated by analyzing these absorption images. When rf fre-
quency is lowered below 1.94 MHz a sudden appearance
of bimodal distribution is observed in the time of flight
images shown in Fig.5, which is the signature of BEC
phase transition. The calculated number of atoms in the
BEC is 3.5(4) × 105. The instability of the bottom of
the trap is below 3 mG measured over a period of couple
of hours. Thereby, proving the usability of this design.
In conclusion, we have demonstrated a novel method
for realization of Bose-Einstein condensation of rubidium
atoms in electromechanical QUIC trap. By first loading
into pure quadrupole trap, atoms are transferred into
the pure Ioffe trap by changing the position of Ioffe coil.
This type of trap reduces technical complexity associated
with the electronics and delivers an added advantage of
optimizing magnetic trap parameters. The design of this
trap geometry allows full optical access during loading
in the magnetic trap. In addition, prepared BEC can be
loaded into additional optical traps and by moving the
Ioffe away can provide additional optical access. Due to
an added advantage of designing tighter magnetic traps,
one can do a fast evaporation.
UR acknowledges the funding received from Indian In-
stitute of Science Education and Research, Pune. SK
would like to acknowledge Council of Scientific and In-
dustrial Research (CSIR), India for research fellowship.
[1] Currently at Institu¨t fu¨r Physik, Johannes Gutenberg–
Universita¨t, D 55099 Mainz - Germany.
[2] M. H. Anderson, J. R. Ensher, M. R. Matthews, C. E.
Wieman, and E. A. Cornell, science 269, 198 (1995).
[3] C. C. Bradley, C. A. Sackett, J. J. Tollett, and R. G.
Hulet, Phys. Rev. Lett. 79, 1170 (1997).
[4] K. B. Davis, M. O. Mewes, M. R. Andrews, N. J. van
Druten, D. S. Durfee, D. M. Kurn, and W. Ketterle,
Phys. Rev. Lett. 75, 3969 (1995).
[5] I. Bloch, Nature Physics 1, 23 (2005).
[6] O. Morsch and M. Oberthaler, Rev. Mod. Phys. 78, 179
(2006).
[7] J. Radic´, V. Bacˇic´, D. Jukic´, M. Segev, and H. Buljan,
Phys. Rev. A 81, 063639 (2010).
[8] R. C. Kuhn, C. Miniatura, D. Delande, O. Sigwarth, and
C. A. Mu¨ller, Phys. Rev. Lett. 95, 250403 (2005).
[9] T. Schulte, S. Drenkelforth, J. Kruse, W. Ertmer, J. Arlt,
K. Sacha, J. Zakrzewski, and M. Lewenstein, Phys. Rev.
5Lett. 95, 170411 (2005).
[10] J. Dalibard, F. Gerbier, G. Juzeliu¯nas, and P. O¨hberg,
Rev. Mod. Phys. 83, 1523 (2011).
[11] V. Galitski and I. B. Spielman, Nature 494, 49 (2013).
[12] E. Zohar, J. I. Cirac, and B. Reznik, Phys. Rev. Lett.
110, 125304 (2013).
[13] J. B. Kogut, Rev. Mod. Phys. 55, 775 (1983).
[14] M.-O. Mewes, M. R. Andrews, N. J. van Druten, D. M.
Kurn, D. S. Durfee, and W. Ketterle, Phys. Rev. Lett.
77, 416 (1996).
[15] M. Barrett, J. Sauer, and M. Chapman, Physical Review
Letters 87, 010404 (2001).
[16] Y.-J. Lin, A. R. Perry, R. L. Compton, I. B. Spielman,
and J. V. Porto, Phys. Rev. A 79, 063631 (2009).
[17] W. Petrich, M. H. Anderson, J. R. Ensher, and E. A.
Cornell, Phys. Rev. Lett. 74, 3352 (1995).
[18] T. Kinoshita, T. Wenger, and D. S. Weiss, Phys. Rev.
A 71, 011602 (2005).
[19] T. Esslinger, I. Bloch, and T. W. Ha¨nsch, Phys. Rev. A
58, R2664 (1998).
[20] D. E. Pritchard, Phys. Rev. Lett. 51, 1336 (1983).
[21] H. F. Hess, Phys. Rev. B 34, 3476 (1986).
[22] M. Greiner, I. Bloch, T. W. Ha¨nsch, and T. Esslinger,
Phys. Rev. A 63, 031401 (2001).
[23] H. J. Lewandowski, D. Harber, D. L. Whitaker, and
E. Cornell, Journal of low temperature physics 132, 309
(2003).
[24] K. Nakagawa, Y. Suzuki, M. Horikoshi, and J. Kim,
Applied Physics B 81, 791 (2005).
